Introduction
Over the past two decades, the frequency, intensity, and geographic distribution of harmful algal blooms has increased, along with the number of toxic compounds found in the marine food chain. Different explanations for this trend have been given, such as increased scientific awareness of toxic algal species, increased utilisation of coastal waters for aquaculture, transfer of shellfish stocks from one area to another, cultural eutrophication due to domestic, industrial, and agricultural wastes, increased mobility of humic substances and trace metals from soil due to deforestation and/or acid rain, and unusual climate conditions (Hallegraeff et al. 1995) .
Phycotoxins produced by algae pose a significant potential threat to human health. A variety of symptoms are reported to arise after consumption of contaminated shellfish, including stomach cramps, abdominal pain, diarrhoea, headaches, memory loss, paralysis, and in some extreme cases even death. In addition to the human health risk, the accumulation of these toxins in shellfish can also have severe consequences for the shellfish industry.
Monitoring the various toxin groups is therefore essential. Several families are responsible for poisonings, the symptoms and severity of which depend on the toxin family. Paralytic shellfish poisoning (PSP) is associated with a wide number of derivatives of saxitoxin (SAX). Diarrhetic shellfish poisoning (DSP)
is caused by a group of polyether toxins including okadaic acid (OA), the dinophysistoxins (DTX-1, -2, -3...), pectenotoxin, and yessotoxin. Neurotoxic This paper describes the development of rapid screening immunoassays for detecting domoic acid, okadaic acid, and saxitoxin. Polyclonal antibodies were raised against each of these compounds and used to develop the corresponding ELISAs, which were then used over a period exceeding 4 months for the analysis of 110 real samples collected in Belgium.
Materials and methods
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Immunisation of rabbits.

Assessment of antibodies and enzyme conjugates.
All antibodies and enzyme conjugates were initially assessed by means of ELISA chequerboards to determine optimum working dilutions.
Specificity of antibodies.
Specificity means the ability of a method to distinguish between the analyte being measured and other substances. Sixty blank shellfish samples (20 mussel, 20 oyster, and 20 scallop samples) were analysed in blind duplicate.
The specificities of the three antibodies were assessed by determining the extent to which each one cross-reacted, in the ELISA, with analytes having a chemical structure similar to that used to raise the antibody. The degree of antibody specificity within the amnesic, diarrhetic, and paralytic poison families was estimated by means of the competitive ELISAs described in section 2.7. Crossreactivity was calculated by means of the formula:
ID 50 of compound used to raise antibody X 100 Sample extraction.
Tissues were homogenised in a blender (3 min), which was cleaned and rinsed with methanol and distilled water after each sample. One gram of tissue homogenate was vortexed for 1 min in the presence of 5 ml ethanol-water (9/1).
After centrifugation (10 min at 3000 g), the supernatant was decanted and the tissues extracted again with a new aliquot (3 mL) of the same ethanol-water mixture. The final volume of the extract was made up to 10.0 mL and filtered through a 25-mm filter with a 0.45-um-pore-size nylon filter membrane (Whatman). The extract was stored at 4°C and diluted in ELISA buffer prior to ELISA-based detection and quantification.
Determination of detection capability.
The detection capability of an analytical procedure is defined in Decision 2002/657/EC as the smallest amount of a substance that can be detected, identified, and/or quantified in a sample with an error probability of β. Twenty blanks of known non-contaminated mussels and twenty blank mussel samples fortified at 150 ug kg -1 with domoic acid, 50 ug kg -1 with okadaic acid, or 2 ug kg -1 with saxitoxin, were prepared "blind to the analyst" and analysed in duplicate. The ELISA plates were then processed as previously described.
The detection capability CCβ (cut-off) was calculated as the concentration at which less than 5% of false-compliant results remained. 
Results and Discussion
ELISA assays for the various toxin classes were developed. Emphasis was placed on keeping the methods and all reagents as similar as possible in the three assay procedures.
The performance characteristics sensitivity, specificity, and detection capability (CCβ) of the three ELISAs in screening for domoic acid, okadaic acid, and saxitoxin in shellfish were determined in order to validate the ELISAs and to 
Antibody sensitivity.
All three of the shellfish toxin immunogens resulted in the production of antibodies. Sera exhibiting antibody titres were assessed for their sensitivity and specificity. Each rabbit serum was tested with the corresponding peroxidase conjugate.
The assay sensitivity was calculated as 50% inhibition of deviation (ID 50), the concentration of shellfish toxin necessary to cause 50% antibody binding. The competitive ELISA format described in previously section was used to determine the assay sensitivity. A set of shellfish toxin standards (in the range of 0.005-10 ng mL -1 ) was used. The average optical density of zero standard wells (Bo) represents 100% activity and the remaining standards were normalised with respect to the optical density of Bo.
Several parameters were tested to determine the optimal conditions for each ELISA, notably incubation temperature and incubation time. These parameters were evaluated by comparing the antibody sensitivity (ID 50) while taking into account the practical requirements of potential users. First, the results obtained at two incubation temperatures, 4 and 37°C were compared. The sensitivity was substantially better (no data presented) when the incubation temperature was Antibody specificity.
The cross-reactivities in assay buffer of the anti-OA, anti-DA, and anti-SAX antibodies are given in Table 1 . The ELISAs were performed with increasing amounts of competitor. When no ID 50 could be determined within the tested concentration range because the binding calculated in percent was superior to 50% for the highest concentration, the ID used in the cross-reactivity formula was the ID observed at that concentration and the cross-reactivity was recorded as inferior to the result of the calculation.
The anti-DA antibody showed 100% cross-reactivity with domoic acid and no significant cross-reactivity with any other shellfish toxin. As the total domoic acid concentration in the certified reference material (CRM) MUS-1 was for OA than for either DTX-1 or DTX-2, whereas DTX-3 does not cross-react at all.
The anti-SAX antiserum showed 100% cross-reactivity with saxitoxin, 26.2%
with GTX 5 (gonyautoxin-5), 19.2% with decarbamoyl saxitoxin, and 5.6% with GTX 2/3 (gonyautoxin-2 and gonyautoxin-3). It showed very low cross- However, quantitative agreement between ELISA and mouse bioassay depends on the antibody specificity and on the toxin profile of the shellfish. Thus both over-and under-estimation of total toxicity may occur.
In order to avoid the poor cross-reactivity of saxitoxin antibodies with neosaxitoxin and vice versa, one could use two or more ELISAs based on antibody Detection capability. The results presented in Figures 2, 3 , 4 demonstrate that the blank and spiked oyster samples met the CCβ criterion: all blank oyster samples gave a response below the CCβ, while at least 19 out of 20 spiked samples gave a signal above the CCβ and were thus classified as suspect (β=5%).
In practice, the means of the absorbance values obtained for each sample were divided by the absorbance of the zero standard (Bo) and multiplied by 100. For each group of 20 samples, the mean ratio B/Bo (%) +/-2 standard deviations was calculated ( Figures 2, 3, 4) . These data show that there was no B/Bo (%) range overlap between the blank and spiked samples.
For example, in the case of domoic acid in oyster (Figure 2 ), a 91% threshold is the lower limit of the blank range and 89% is the upper limit of the spiked 
Extraction, recovery.
The present method has the advantage that a single solvent extraction system adequately extracts the ASP, DSP, and PSP toxins. Ethanol is a preferred solvent because of its low toxicity and volatility. In most assays it causes lesser matrix effects than methanol. The extraction efficiency was evaluated by comparing the calibration curves constructed before and after extraction of blank matrices spiked with a known amount of phycotoxin. An extraction efficiency above 90% was obtained for domoic acid, okadaic acid, and saxitoxin, indicating that the proposed extraction is suitable for use in screening for both aqueous and lipophilic toxins. Matrix effects of alcohol extracts in the ELISA were eliminated by dilution of the shellfish extract with PBS until the standard curves obtained for toxins dissolved in ELISA-buffer-diluted shellfish extract coincided with those obtained for toxins dissolved in ELISA buffer.
Toxin recovery was determined by spiking shellfish samples with the target toxin and also by analysing the following CRMs: CRM-ASP-Mus-C and CRM- The results for recovery of DA, OA and saxitoxin added to the extracts of mussels, oysters and scallop are shown in table 2 . DA was detected in CRM-ASP-Mus-C with a mean recovery of 105% and coefficient of variation of 9%.
OA was detected in CRM-DSP-Mus-b with a mean recovery of 109% and coefficient of variation of 11%. Saxitoxin added to the mussel was detected with a mean recovery of 112% and coefficient of variation of 8%.
Analysis of real samples from the Belgian market.
One hundred and ten samples (42 mussels, 61 scallops and 7 oysters) were Table 3 gives an overview of the contaminated samples. It was concluded that saxitoxin residues were present in one sample (mussel) at the concentration of 2 ug kg -1 and okadaic acid in one sample (mussel) at the CCβ concentration.
Domoic acid was detected and quantified in 9 samples (concentration above the CCβ). The incidence of domoic-acid-contaminated samples was 0% for mussel, 0% for oyster, and 15% for scallop. The domoic acid content was above the 20 mg kg -1 limit (the EU-adopted maximum level) in 5 samples (8%). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 In addition, the ELISAs applied to mussel, oyster, and scallop samples successfully detected domoic acid and okadaic acid when they were shown to be present by LC-MS/MS. Hence, the occurrence of false negatives in the ELISAs for domoic acid and okadaic acid appears unlikely.
Conclusions
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